IMPACT is a deterministic, cell-based policy model. It uses epidemiological information to estimate the contributions of population-level risk factor changes (impacting mainly on incidence) and changes in the uptake of evidence-based treatments (impacting mainly on case fatality) on mortality decline between two points in time (the start-year and the endyear). The primary outcome measure of the model is the deaths prevented or postponed (DPPs).
The calculation of the modelled estimate of DPPs rests on utilising two well-studied relationships: firstly, that between risk factor change and the relative reduction in CHD mortality; secondly, that between treatment uptake and reductions in case-fatality in patients with a specific form of CHD. The model applies the relative risk reduction quantified in previous randomised controlled trials and meta-analyses to estimate the mortality reduction attributable to: a) Temporal change in risk factor prevalence (in those without diagnosed CHD) to calculate the DPPs 'explained' by specific risk factor trends. b) Net change over the period in the uptake of specific treatments in patients with each specific form of CHD to estimate DPPs 'explained' owing to improved 1-year case fatality rates. Great care is taken to avoid double counting the same individuals.
The mortality benefits from the risk factor reduction in the population, and the treatment benefits in patient groups are then summed. This summing uses a cumulative approach (rather than an additive approach), in order to avoid double-counting of benefits in the same individual. This mortality sum represents the deaths prevented or postponed (DPPs) 'explained' by the model. At the end of the modelling process, the total DPPs 'explained' by the model is then compared with the observed fall in deaths (the 'target' to be explained).
Model fit is therefore calculated as the difference between the observed deaths and model DPPs, and expressed as the percentage explained. This measures the extent to which the model was successful in explaining the observed change in CHD mortality in the population.
The IMPACT SEC model
We have now extended the IMPACT model to accommodate sub-national variation in CHD mortality trends by socioeconomic circumstances (IMPACT SEC model).
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We used the Scottish Index of Multiple Deprivation (SIMD) 2009 quintiles as a proxy indicator of socioeconomic circumstances. This model examines the effects of changes in treatment uptake and risk factor trends on changes in CHD mortality among adults in Scotland aged 25 years and over.
METHOD OF DEATHS PREVENTED OR POSTPONED (DPP) CALCULATIONS
Expected and observed number of deaths from CHD The expected number of CHD deaths in 2010 was calculated by multiplying the age-sex-SIMD quintile specific mortality rates from CHD in 2000 by the population counts for 2010 in that age-sex-SIMD quintile stratum. Summing over all strata then yielded the expected number of deaths in 2010 had mortality rates remained unchanged. The difference between the number of expected and observed deaths from CHD represented the mortality fall, or the total number of deaths prevented or postponed (DPP), in 2010 relative to 2000.
Treatment component of IMPACT SEC model
The treatment component of the IMPACT SEC model included nine mutually exclusive CHD patient groups:  Patients treated in hospital for acute myocardial infarction  Patients admitted to hospital with unstable angina  Community-dwelling patients who have survived a myocardial infarction since 1981  Patients who have undergone a revascularisation procedure  Community-dwelling patients with stable coronary artery disease  Patients admitted to hospital with heart failure (associated with CHD)  Community-dwelling patients with heart failure (associated with CHD)  Hypercholesterolaemic subjects without CHD eligible for cholesterol lowering therapy  Hypertensive individuals without CHD eligible for anti-hypertensive therapy In order to minimise double counting, major efforts were made to ensure that patients counted in each CHD patient group were mutually exclusive. For each patient group, we estimated the number of DPPs that were attributable to various treatments.
The general approach to calculating the number of DPPs from an intervention among a particular patient group was first to stratify by age, sex and SIMD, then to multiply the estimated number of patients in 2010 by the proportion of these patients receiving a particular treatment, by the one-year case fatality rate, and by the relative reduction in the case fatality rate due to the administered treatment. Adjustment was also made for compliance i.e. the proportion of treated patients actually taking therapeutically effective levels of medication.
DPPs from a specific treatment = Patient numbers × treatment uptake × relative mortality reduction × one year case fatality
This calculation was then repeated: a) For each age-sex-SIMD quintile group (70 in total).
b) Incorporating a Mant and Hicks adjustment

Risk factor component of IMPACT SEC model
The second part of the IMPACT SEC model estimated the number of DPPs related to changes in cardiovascular risk factor levels in the population. The risk factors considered were cigarette smoking, total cholesterol, systolic blood pressure (SBP), body mass index, diabetes and physical inactivity. The Scottish Health Survey was used to calculate trends in the prevalence (or mean values) of each risk factor. Two approaches to calculating DPPs from changes in risk factors were used: the regression approach and change in the Population Attributable Risk Fraction (PARF).
Estimating DPPs from risk factor change-regression approach for continuous risk factors
The number of CHD deaths in 2000 (the start year) after adjusting for population change between 2000 and 2010 were multiplied by the absolute change in risk factor level, and by a regression coefficient ('beta') quantifying the estimated relative change in CHD mortality that would result from a one-unit change in risk factor level. Natural logarithms were used, as is conventional, in order to best describe the log-linear relationship between absolute changes in risk factor levels and relative change in mortality.
DPPs associated with a continuous risk factor = expected CHD deaths in 2010 (had 2000 mortality rates remained constant) × absolute risk factor reduction between 2000 and 2010 × regression coefficient exponentiated
This calculation was then repeated for each age-sex-SIMD quintile group. The regression coefficients were assumed equal across deprivation quintiles. A 'fixed gradient' approach was used to stabilise estimates of risk factor change across the quintiles.
Estimating DPPs from risk factor change -PARF approach for binary risk factors PARF, which can be interpreted as the proportion by which the mortality rate from CHD would be reduced if the exposure were eliminated, 3 was calculated as:
PARF = [P × (RR -1)] / [1 + P × (RR -1)]
Where P is the prevalence of the risk factor and RR is the relative risk for CHD mortality associated with risk factor presence.
DPPs associated with a binary risk factor = expected CHD deaths in 2010 (had 2000 mortality rates remained constant) × (PARF 2000 -PARF 2010 )
The calculation was then repeated for each age-sex-SIMD quintile group.
Uncertainty analysis: parameter distributions, functions and sources
We implemented stochastic uncertainty analysis in Excel using Ersatz (version 1.0 available at http://www.epigear.com), an add-in that allows probabilistic bootstrapping in Excel. 4 Ersatz allows repeated random draws from specified distributions for input variables that are used to recalculate iteratively the model. It then calculates the 95% uncertainty intervals from the realised values of the output variable (deaths prevented or postponed). For the IMPACT SEC model, we calculated the uncertainty intervals based on 1000 draws taking the 95% uncertainty intervals as the 2.5 th and 97.5 th percentiles. Input variables taken from external sources (e.g. case fatality rates, beta coefficients, compliance and relative risk reductions (including 95% confidence intervals)) were randomly drawn from specified distributions but assumed constant across deprivation quintiles.
